Abstract. Open data ecosystems are expected to bring many advantages, such as stimulating citizen participation and innovation. However, scant attention has been given to what constitutes an open data ecosystem. The objective of this paper is to provide an overview of essential elements of open data ecosystems for enabling easy publication and use of open data. To achieve this objective, the literature has been reviewed and a scenario about the publication and use of open data has been analyzed. It was found that various applications, tools and portals are available which together can form an ecosystem. The best functionalities of this ecosystem can be selected and utilized by open data providers and users. To create an open data ecosystem at least four key elements should be captured, namely, 1) releasing and publishing open data on the internet, 2) searching, finding, evaluating and viewing data and their related licenses, 3) cleansing, analyzing, enriching, combining, linking and visualizing data and 4) interpreting and discussing data and providing feedback to the data provider and other stakeholders. Furthermore, to integrate the ecosystem elements and to let them act as an integrated whole, there should be three additional elements 5) user pathways showing directions for how open data can be used, 6) a quality management system and 7) different types of metadata to be able to connect the elements.
Introduction
Open data is expected to bring many advantages, such as stimulating citizen participation and innovation [1, 2] , stimulating transparency [3, 4] and stimulating economic growth [5, 6] . In this way, a more open government can be encouraged. Various open data portals and infrastructures have been developed in the last years to explore the potential of open data [7] , such as national open data portals, the European open data infrastructure [8] , the ENGAGE open data infrastructure [9] , the Junar open data infrastructure [10] and the infrastructures of statistics agencies (e.g. Eurostat [11] ). These digital government infrastructures are typically used by many different users, evolve over time and need a large user base, as they offer value only when a certain critical mass of users has been reached [12] . In addition, there are many tools and programs available which can help open data users, such as Open Refine [13] and ScraperWiki [14] .
While these infrastructures and tools are important, they often provide only one part of the puzzle for open data users which often deploy more than one infrastructure or tool to process their open data. As such we plea for viewing them as part of a wider open data ecosystem in which each instrument and tool can add value. Ubaldi [15] argues that "building an ecosystem that responds to specific demands asking for the provision of open government data are a necessity to create value out of OGD [added: open government data]" [p. 27] . Open government ecosystems can be used as a means for decision-making and planning [16] , such as decision-making by policy-makers. They typically contain "interdependent social systems of actors, organizations, material infrastructures, and symbolic resources that can be created in technology-enabled, information-intensive social systems" [p. 900].
Up until now only few scholars have paid attention to open data ecosystems. Only little research has been performed on the essential components of open data ecosystems, while these ecosystems are important, as they may help in realizing the advantages of open data and creating value [15] . The idea of open ecosystems has been given attention in blogs [17] , working papers [15] , short papers [18] and reports [19, 20] . There is some literature on open data ecosystems, but this literature is often focused on certain types of open data (e.g. bioscience data [21] or aid data [22] ), or does not provide a clear description of what the components of an open data ecosystem should be [23] . There is hardly any literature viewing open data as an ecosystem and we did not find any scientific literature identifying the various key elements of open data ecosystems. This paper aims to fill this gap. The objective of this paper is to provide an overview of essential elements of open government data ecosystems for enabling easy publication and use of open data. For convenience's sake we use the terms 'open government data ' and 'open data' interchangeably in the remainder of this paper, yet this manuscript is focused on data opened by governmental organizations.
This paper is organized as follows. In the following section the research approach is described, followed by an investigation of the literature about ecosystems, open government ecosystems and open data ecosystems, which results in an overview of ecosystem elements that need to be investigated in the scenario. Section four presents a scenario about publishing and using open data in which elements of open data ecosystems are investigated. The results of the literature and scenario analysis are discussed in section five, leading to an overview of the essential elements of open data ecosystems. Finally, section six provides the conclusions drawn and the recommendations derived from this research.
Research approach
The objective of this paper is to provide an overview of essential elements of open data ecosystems for enabling publication and use of open data. We attain this objective by making use of two methods. First, we conduct a literature review which results in an overview of the most important elements of ecosystems derived from the literature. Second, we develop a scenario for the publication and use of open data, and use this scenario to identify whether additional elements were required for open data ecosystems which were not found in the literature. We report on these two methods in the following sections.
Literature review
A literature overview about open data ecosystems was created by seeking for journal and conference articles, books, governmental and non-governmental reports and other information in various databases, including Science Direct, Scopus, Google Scholar, Emerald Insight and Springer. The keywords open data ecosystem, government ecosystem and ecosystem were used for searching these databases. In addition, we used the cited references in the articles that we identified to further enrich and enlarge the literature bases. The found documents were filtered by searching for ecosystems and open data. In total, 26 publications were selected that were relevant for this research, and from these a literature overview was created (these 26 documents can be found in Table 1 in Section 3.4). The relevance of the documents was determined by scanning the titles and abstracts of the retrieved documents. The literature review resulted in an overview of elements that are relevant to investigate in our scenario about the publication and use of open data.
Scenario
The second method used in this research is the development of a scenario to derive additional and more detailed elements of an open data ecosystem. Caroll [24] writes that scenarios can be defined as stories about people and their activities. In line with this, scenarios are narrative descriptions of interactions between users and proposed systems [25] . More specifically, "scenarios highlight goals suggested by the appearance and behavior of the system, what people try to do with the system, what procedures are adopted, not adopted, carried out successfully or erroneously, and what interpretations people make of what happens to them" [24, p. 2] . Scenarios can be used for various purposes in the interactive system development processes, and can be written from many perspectives and at multiple levels [24, 26] . For instance, scenarios can evoke reflection about design issues, as they provide descriptions of end-user experiences. Furthermore, scenarios can be abstracted and categorized to create knowledge to discuss problems. Additionally, scenarios can demonstrate concretely an interpretation and a solution, while remaining open-ended and easy to revise [24] . These characteristics make scenario-based design an appropriate approach for this research, as our aim is to identify various elements and the roles of these elements for the design of desired open data ecosystems.
Carroll [24] states that scenarios are characterized by the description of a setting and the description of agents or actors. In addition, a description is included of the goals or objectives of each agent or actor. Moreover, scenarios include sequences of actions and events, which means that they reveal what things the actors do, what happens to them and which changes occur in the circumstances of the setting. Finally, scenarios typically have a plot [24] . These elements will be described for the scenario that is presented in this manuscript.
One comprehensive scenario was developed in this research. The aim of the scenario was to identify a wide range of activities that can be performed in the so-called open data process, and to identify the elements of open data ecosystems that can be used to enable and support these activities. This means that the scenario needed to cover various activities that are performed in the processes in which open data are created, published, found, used and discussed. To get an impression of which activities are needed to be covered exactly, we searched through the open data literature and we investigated various open data infrastructures, such as national open data portals, the European open data infrastructure [8] , the ENGAGE open data infrastructure [9] , the Junar open data infrastructure [10] and the infrastructure of Eurostat [11] and Statistics Netherlands [27] . The requirement to create diversity in the activities of the open data scenario was formulated because diversity is expected to lead to the identification of more elements.
Furthermore, we used steps of data and information workflows and data lifecycle management described in various articles to identify which activities could be conducted in an open data scenario. A lifecycle of data on the Semantic Web includes actions such as data creation, publication, exportation, importation, use, transformation and reuse [28] . These activities can be conducted by different parties and for different purposes [ibid] . From an open data perspective, such a lifecycle could consist of the steps creating data, opening data, finding data, using data and providing feedback on and discussing data [29] . Ding et al. [30] identify the steps of initializing an open government dataset, retrieving data, cleaning up and converting and enhancing datasets and publishing datasets after having conducted these steps. An attempt to describe or even standardize the processes involved in information flows concerns the CRISP-DM methodology for data mining, which involves multiple processing steps of data, including collecting data, preparing data for analysis, fitting data to a particular model and evaluating the results [31] . Another attempt has been done by Fry [32] , who argues that the process of creating interactive data visualizations involves connecting a chain of tools that have been developed by different disciplines such as Computer Science, Statistics, Graphic Design, and Human Computer Interaction. In addition, Pirolli and Card [33] describe what they term the "Sensemaking Process" where for analysts to gain insight, they are involved in a process of gathering, filtering, and structuring data.
Common among all these visions is that they describe processes that are connected mostly in a linear fashion, with feedback loops sometimes leading from later processing stages back to earlier stages. They also describe systems where information is upgraded in many ways as it passes through each of the steps. This can be thought of as a sort of supply chain where tools or people in succeeding processing steps add value to the data. The same types of processes are occurring with open data ecosystems with the caveat that there may be many more parties involved, that the system is open and available to the public instead of being closed, and instead of having a single linear process, there is more of an ecosystem composed of different tools and groups who all use data for different purposes. We used this literature about data and information workflows and data lifecycle management in the development of the scenario about open data publication and use.
Literature background
In this section we describe the findings from the literature related to ecosystems in general (Section 3.1), open government ecosystems (Section 3.2) and open data ecosystems (Section 3.3). Finally, we summarize the essential elements of ecosystems found in the literature review (Section 3.4).
Ecosystems
Adner and Kapoor [34] show that an ecosystem lens can be used to make interdependencies among partners in exchange networks characterized by simultaneous cooperation and competition more explicit. Open data could be seen as such an exchange network. For instance, in an open data network there could be cooperation of various actors to facilitate the use of open government data. Open data providers usually aim to stimulate the use of their data and they often need data users to enable this. Businesses may need government data to develop services for end-users. Furthermore, there could be competition between businesses using open data, for example, to obtain open data end-users as (paying) customers for services that they have developed based on open government data. There could also be competition between open data providers, since they may want to promote their organization by stating that they open larger amounts of data or more datasets than other governmental organizations do.
Ecosystems in general can be defined as "a functioning whole in a given area" [20, p. 13] and refer to the dynamic interaction between different factors in an area [20] . This definition suggests that an ecosystem needs to combine components from different domains, since they can be seen as 'a functioning whole'. The boundaries of (parts of) ecosystems are difficult to define and typically do not correspond to traditional industry boundaries, but are "instead defined by the strength and type of organizational interactions that occur" [35, p. 39] . The effects of the health and dynamics of an ecosystem do not correspond with traditional industry boundaries. For example, ecosystems may be characterized by the sharing of tools and technological components or by buyer/supplier interactions [ibid].
Harrison, Pardo and Cook [16] state that the metaphor ecosystem is often used "to convey a sense of the interdependent social systems of actors, organizations, material infrastructures, and symbolic resources that can be created in technology-enabled, information-intensive social systems" [p. 900]. In addition to social factors, the literature shows that the interaction of social and technical factors may influence the outcomes [36] [37] [38] . Essential elements in ecosystem management are stakeholder collaboration, interagency cooperation, integration of scientific, social, and economic information, preservation of ecological processes, and adaptive management [39] . Stakeholders involved in ecosystems are agencies and departments, suppliers and partners, internal elements, communities and individual stakeholders [40] . In many ecosystems there are also intermediaries involved, who "are positioned between the innovation and the final customer" [41, p. 5] . The elements of an ecosystem can rely directly or indirectly on the elements of infrastructures [22] . Even though ecosystems may have various benefits, there may also be certain risks and ecosystem innovation may be costly [41] . "Creating strategy that explicitly accounts for the delays and challenges that are inherent in collaborative networks is the key to succeeding in ecosystems" [41, p. 3] .
Open data ecosystems could partly be seen as business ecosystems. Moore defines a business ecosystem as "an economic community supported by a foundation of interacting organizations and individuals -the organisms of the business world" [42, p. 9] . Business ecosystems are characterized by "loosely interconnected participants who depend on each other for their mutual effectiveness and survival" [35, p. 40] . The strength and nature of interactions among participants is important. Among these participants are suppliers, customers and vast numbers of complementors providing complementary goods and services [42, 43] and lead producers and other stakeholders [42] . Firms and other actors may interact even if they are separated in space and time [35] . Furthermore, ecosystems are made up of interrelated components, which can be adapted to particular contexts [19] . Various elements of the ecosystem affect the healthiness and richness of the system [44] , such as interrelated tools and services [22] . The elements of an ecosystem emerge, are autonomous and self-organizing. These elements are connected to each other in feedback loops and develop mainly through local specializations and adaptation rather than through top-down design [22] .
Although open data ecosystems do not only involve private organizations but also public organizations, open data ecosystems may also be viewed as a kind of innovation ecosystems, which can be defined as "the collaborative arrangements through which firms combine their individual offerings into a coherent, customer-facing solution" [41, p. 2] . Innovation ecosystems could provide various benefits, such as allowing companies and citizens to create value that they could not have created alone [ibid] . Open data ecosystems can also be seen as a kind of information ecosystem. An information ecosystem is a complex system in a certain environment consisting of people, work, value and technology, with various interconnections. The emphasis in information ecosystems is on the behavior of people supported by technology [45, 46] . An information ecosystem includes information systems, databases, workflows, people and an infrastructure [47] . Open data ecosystems, in addition, may involve software ecosystems, which refer to "a networked community of organizations, which base their relations to each other on a common interest in a central software technology" [48, p. 514] .
Moreover, open data ecosystems can be seen as a type of digital ecosystem, which are composed of "interconnected, interrelated and interdependent digital species situated in a digital environment, that interact as a functional unit and are linked together through actions, information and transaction flows" [49, p. 7] . Digital ecosystems are considered to be robust, scalable, and self-organizing and decentralized peer-to-peer networks form an underlying tier of distributed agents [50] . 22 
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Open government ecosystems
Open data ecosystems are also often government ecosystems, as much open data is published by the government, although elements for open data ecosystems can also be provided by the private sector. Open government ecosystems emphasize the multiple and varying interrelationships between data, open data providers, open data users, material infrastructures and institutions. The connected components are considerably interdependent [16] . Three important domains of interdependencies defined by Harrison et al. [16] are 1) government policies and practices, 2) innovators; a combination of technology, business and government and 3) users, civil society and business. Abrahams [51] writes that the key elements influencing the development of an e-government ecosystem are 1) an information, communication and networking technology infrastructure, 2) e-government, e-business and e-society, 3) human resource development and 4) a policy and regulatory environment. Obi [52] adds to this that e-government ecosystems should include Information and Communication Technologies (ICT) preparedness, ICT usage, an enterprise architecture ICT model, Information provision capability, policy marketing, resource allocation and e-participation [52] . As such, an ecosystem can stimulate user's participation in public affairs or policy making processes [44] .
In summary, important characteristics of open government ecosystems are that they consist of interdependent systems and components in which various actors are involved. Taking into account these characteristics, open data can be seen as an ecosystem, as open data includes interdependent technical and social systems. An ecosystem is needed which is able to integrate various tools to enable providing and using open data. In the ecosystem various actors, such as open data providers, users and legislators play a role. In the open data ecosystem, ICT enables the discussion of open data and stimulates the participation of citizens in governmental processes of decision making and policy making.
Open data ecosystems
In this section various characteristics of open data ecosystems are described. Poikola et al. [20, p. 13] define an open data ecosystem as "a multi-level and multidimensional entity where raw material, as far as distribution and developing are concerned, is the target of cooperation". Equal to open government ecosystems, open data ecosystems are characterized by the fact that the issues related to it are never entirely independent of other issues. Dependent issues in open data ecosystems are pre-existing networks of interaction, existing power and information asymmetries, levels of training and capacity, risk assessment in organizations [19] . For instance, open data users depend on the data and metadata that are published by the open data providers to be able to make use of these data. Open data providers depend on the feedback on their data that they obtain from open data users. In this way, the open data providers and open data users are involved in networks of interaction. Essential challenges that need to be addressed in open data ecosystems relate to policy, technology, financing, organization, culture, and legal frameworks [15] .
Pollock [17] states that open data ecosystems contain data cycles with feedback loops, sharing of data back to publishers and sharing between so-called infomediaries. The latter are intermediate consumers of data such as builders of apps and data wranglers. Infomediaries add value to datasets by cleaning, analyzing and integrating them. Sharing these reused data means that value will be shared with many people. Pollock describes three main changes which are required to develop an open data ecosystem, namely 1) infomediaries should publish what they produce, 2) better ways to publish and share data and 3) publisher notification of patches (pull requests) with automated integration (merge) tools [17] .
Ding et al. [30] refer to an ecosystem for linked open government data (LOGD) and define this as "a Linked Data-based system where stakeholders of different sizes and roles find, manage, archive, publish, reuse, integrate, mash-up, and consume open government data in connection with online tools, services and societies" [30, p. 326] . Moreover, they point out that effective LOGD ecosystems need to include many types of stakeholders such as civil servants who curate raw data, developers who build applications with open data, and citizens who view visualizations and analytical results from these data. In general, Ding et al. make a distinction between LOGD production, LOGD consumption and the LOGD community [ibid].
Ubaldi identifies three types of interacting open data ecosystems, namely 1) an ecosystem of data producers, 2) an ecosystem of infomediaries as intermediate consumers of data and 3) an ecosystem of open data users [15] . Open data ecosystems may provide data curation and sharing solutions in the form of "a common metadata tracking framework, providing tools and resources to create and manage large, heterogeneous data sets in a coherent manner, and allowing users of (parts of) data sets to 'connect the metadata dots" [21, p. 8] . Licensing is also an important aspect of open data ecosystems, as "a lack of licensing makes the emergence of an open-data ecosystem practically impossible, since there would be no clear rules on who can use data and how" [53, p. 53] . Sometimes linked data is seen as an open data ecosystem on itself [18, 54] . For instance, Ding writes that linked open government data interconnects original data owners, service providers and data consumers [54] .
Summary
The findings from the literature review on the characteristics of ecosystems are summarized in Table 1 . This table shows that the research on open data ecosystems is fragmented and not uniform, as most research only focuses on one or a few activities related to the publication or use of open data, but not on the whole of activities that should be supported in an open data ecosystem. In addition, the elements of ecosystems that are derived from the literature are mainly on a high and abstract level, while a more detailed overview of elements is needed to create an open data ecosystem. We conclude that open data ecosystems are characterized by multiple interdependent socio-technical levels, dimensions, actors (including data providers, infomediaries and users), elements and components. Moreover, open data ecosystems need to address challenges related to policy, licenses, technology, financing, organization, culture, and legal frameworks and are influenced by ICT infrastructures. Open data ecosystems develop through user adaptation, feedback loops and dynamic supplier and user interactions and other interacting factors. In the development of the scenario in the following section we take these characteristics into account.
Based on Table 1 , we visualized potential elements of open data ecosystems, as can be seen in Fig. 1 . At the top open data suppliers are shown, whereas the bottom contains the various types of users. Open data infomediaries can participate and support both of these levels, namely by supporting data publication and by supporting data use. We use this table as a basis for the following section, and we extend it by deriving more elements for the ecosystem from the description of a scenario of open data publication and use. 
Context
Needs to address challenges related to policy, technology, financing, organization, culture, and legal frameworks Ubaldi [15] Can stimulate user's participation in public affairs or policy making processes Obi and Iwasaki [44] Interdependencies and interaction
Interdependent elements (e.g. networks of interaction, power and information asymmetries, levels of training and capacity, risk assessment in organizations) and interdependent components Ubaldi [15] , Hall et al. [19] Dynamic interaction between different factors (e.g. organizations and individuals) in a certain area Poikola, et al. [20] , Moore [42] Exchange networks characterized by simultaneous cooperation and competition Adner and Kapoor [34] Characterized by the sharing of tools and technological components or by buyer/supplier interactions
Iansiti and Levien [4]
Data cycles with feedback loops, sharing of data back to publishers and sharing between so-called infomediaries Pollock [17] Stakeholder collaboration, interagency cooperation, integration of scientific, social, and economic information, preservation of ecological processes, and adaptive management Koontz and Bodine [39] "A networked community of organizations, which base their relations to each other on a common interest in a central software technology" [p, 514].
Mhamdia [48] Composed of "interconnected, interrelated and interdependent digital species situated in a digital environment, that interact as a functional unit and are linked together through actions, information and transaction flows" [p. 7]
Hadzic and Sidhu [49] Robust, scalable, and self-organizing and decentralized peer-to-peer networks form an underlying tier of distributed agents
Briscoe and De Wilde . [50] Emphasize
the multiple and varying interrelationships between data, open data providers, open data users, material infrastructures and institutions
Harrison et al. [16] The connected components are considerably interdependent Harrison et al. [16] Participants Participants are suppliers, customers and complementors providing complementary goods and services
Moore [42] , Pierce [43] Interactions between data producers, users and infomediaries as intermediate data consumers
Ubaldi [15] Consisting of infomediaries to publish what public organizations produce (and tools to make this really easy)
Pollock [17] , Hall [19] , Adner [41] scenario to detail the elements. In this section we report on the findings of analyzing an open government data scenario, using the structure for describing scenarios that has been provided by Carrol [24] . The scenario meets our criterion that it should describe a diverse range of activities that are performed in the open data process. The scenario integrates steps of workflows for data as described in Section 2.2.
In the following, the actions and events performed in the scenario are described. After the description of each activity, a number is given which corresponds with the numbers shown in Fig. 2 . Figure 2 represents the elements of an open government data ecosystem. On the various levels a number of activities are shown that can be conducted in the ecosystem, connected to the applications and tools that can be used to conduct these activities. The aim of this figure is not to provide a complete list of applications, but to provide examples of applications that the open data ecosystem can use.
The scenario resembles data lifecycle management, and in line with [28] the generation and use of data and metadata is essential. In our scenario of open data publication and use various levels are represented. On the first level, a public sector organization creates or collects data (1) and stores this data internally (2). If the public sector organization decides to make this data available on the internet, the data needs to be checked, curated and sensitive data needs to be removed (3) . Thereafter the public sector organization could decide to publish this data on the internet by using a data publication system and a certain open data portal (4) .
After the government organization publishes its data on the internet, the published data and metadata becomes available for data end-users. On the data user level a researcher searches for open data, for example, about poverty levels and health facilities in Kenya Infomediaries can provide social media Application Programming Interfaces (APIs) to register and sign in, so that the researcher can use his user name and password of one of his social media accounts. The researcher may want to change the language that is used on the open data portal, for instance by choosing another language in the Microsoft Translator (7). The researcher wonders what the license of the dataset is and what kind of legal framework is applicable, and he searches for the license that is applicable (8) . He then views a dataset in XLS format by using the Microsoft Excel Web App (9) and he decides to download the data by using the Microsoft Application Virtualization (10) . The researcher can use the Open Refine API and other programs to cleanse, analyze, enrich, combine and link datasets (11) . A dataset that has been extended by cleansing, analyzing, enriching, combining or linking it, can be saved so that other users can also get the value from the use of the data. This means that other users can then use the extended processed dataset, which is ideally linked to the original dataset so that it can be found easily (12) . The researcher still has not gathered sufficient information and he decides to request a dataset about health facilities in Kenya using a data request system. Other users (13) or governmental organizations (14) can satisfy the request by providing the data or by providing links to the data. As the researcher wants to know more about how he can visualize the data that other users provided him with, he can use tutorials to obtain more information. Tutorials can be published, for example, using the JamWiki or YouTube (15) . After having gathered sufficient information from the tutorial about how he can visualize a dataset, the researcher uses one of the visualization APIs to visualize his dataset (16) . He maps both the poverty levels and the health facility levels on one map and by doing this he obtains an interesting overview of which areas have the highest need for medical aid. The researcher writes down his conclusions about Kenya's areas which are in highest need on a blog or discussion forum which is related to the dataset (17) . The data provider may also be interested to know such a discussion, resulting in another interdependence of the various levels in the open data ecosystem (18) . Subsequently, the researcher rates several quality aspects of the dataset using a quality rating system (19) . Finally, on the data provider level the open data provider can use Google Analytics to obtain some information about how the open data portal is used (20) .
The scenario described above provided an example of which activities can be performed when publishing and using open data and provided more detailed elements that can be integrated in the open government data ecosystem. Figure 2 shows how the elements of an open government data ecosystem derived from the literature are complemented by elements derived from the scenario. On the right hand side the generic elements are depicted, whereas on the left hand side examples of tools and services are shown. Note that persons and organizations in this figure can have multiple roles, and that activities can be conducted in various orders and with multiple feedback loops. For instance, a data provider could also be a data user, and after viewing or visualizing data one could find out that other (additional) data are needed and go back to the activity of search for data. Most of the activities depicted in Fig. 2 can also be conducted by infomediaries. For example, data collection, storage and visualization can be done by an infomediary. Because infomediaries can be present on many different levels and in many different dimensions in the open data ecosystem as depicted in Fig. 2 , we did not create a separate infomediaries level.
Findings and discussion
In the previous section twenty essential elements of open data ecosystems were identified. In this section we elaborate on the findings from the scenario analysis and discuss those. The literature and the scenario showed that open data ecosystems involve multiple levels, namely a data producer and a data user level. Within these levels there are various activities that can be conducted, such as searching, requesting, viewing, downloading, analyzing, cleansing, combining, visualizing and discussing different types of data. For instance, an open data user can search for data, then filter the results and then zoom in on the dataset and then analyze it in detail. All these elements are interdependent. For instance, it is not possible to analyze a dataset if one has not found this dataset in advance. Another example is that certain activities, such as visualization, may not be possible without consulting a tutorial and data use is not possible without data publication.
From this research we can identify four key elements that open data ecosystems should capture, namely, 1) releasing and publishing open data on the internet, 2) searching, finding, evaluating and viewing data and their related licenses, 3) cleansing, analyzing, enriching, combining, linking and visualizing data and 4) interpreting and discussing data and providing feedback to the data provider and other stakeholders. These elements will be discussed in the following. First, an open data ecosystem should capture the release and publication of data on the internet. Governmental organizations need to release their datasets to facilitate their reuse, and data users are dependent on this step.
Second, an open data ecosystem should facilitate searching, finding, evaluating and viewing data and obtaining information about the licenses related to the data. There can be many different ways in which people may search for the same type of data which is often a non-linear process containing many feedback loops. For instance, an open data user may search for all data about a certain city, which may be a difficult task as these data are tagged as having to do with many different topics, such as employment, housing, roads, finance, and other topics. For this reason the open data user should evaluate each dataset that he finds, decide whether the dataset concerns his scope and search topic, decide whether the format and quality of the data are sufficient, and then decide whether he should search on for another dataset or use this dataset. This process could be repeated many times.
Data can also be browsed, searched or obtained by requesting them. The scenario description showed that notifications of requests for data can be used to request datasets, so that open data users can be supported with obtaining this data that they want to use. Both raw data and processed data can be found in open data ecosystems. While some open data users, or sometimes called intermediaries or infomediaries, process the raw data, other users may prefer to make use of the processed data or data services and tools that are derived from these raw data. Thus, the interaction between infomediaries as intermediate consumers of data and open data users should be facilitated. Furthermore, there need to be interactions with data providers, as users can request data from data providers and provide them with feedback after they have used the data. Information about the licenses that are connected to the use of certain datasets is also important in open data ecosystems, as open data users need to know whether the license allows them to use the data in the way that they want to use them.
A third key element of open data ecosystems is cleansing, analyzing, enriching, combining, linking and visualizing data. Data cleansing refers to the detection and correction of records in a dataset [55] . Data cleansing could be a goal on itself, but is often performed to make it easier to use the dataset in another way, for instance by analyzing it. Analyzing a dataset could merely mean reading (i.e. looking at) the dataset and deriving useful information from this activity. It could also mean performing a thorough statistical analysis by using software (e.g. SPSS Statistics). An analysis of a dataset should lead to new insights and understanding of the data, possibly by analyzing data in a way that was not done before. Datasets can also be enriched in several ways. For instance, a user could annotate a dataset by describing what he or she experienced when using the data or which information other users should take into account when using the data. A dataset can also be enriched by adding information that was derived from the statistical analysis or visualization. Visualizations often provide much insight into a dataset.
Another important way of using open data is by combining data or linking them to other data, as this reveals relationships between data [56] .
Fourth, an open data ecosystem needs to enable interpreting and discussing data and providing feedback to the data provider and other stakeholders. One way to enable this is by allowing for the discussion of datasets, so that data providers and other data users can discuss what can be learned from the use of the data. The results derived from the use of open data can also be shared with organizations and persons to whom this might be relevant, for instance, by using social media. A person who has used a dataset could also leave a message on an open data platform to inform other users of the dataset about certain particularities of the dataset or post a question about the data. Moreover, this can be implemented by enabling users to send each other messages about datasets, and by connecting examples of the data use (e.g. applications, visualizations and publications) to the dataset.
The Furthermore, to integrate the ecosystem elements and to let them act as an integrated whole, there should be three additional elements, namely 5) user pathways showing directions for how open data can be used, 6) a quality management system and 7) different types of metadata for being able to connect the elements. First, user pathways can show directions for how open data can be used. Pathways make it easier to know in advance how data can be used. Second, a quality management system enables assessing the quality of the data. This system could help open data users in determining whether the quality of a dataset is satisfactory to fulfill their objectives for using the open dataset. Third, the integration of the ecosystem elements requires different types of metadata for ensuring interoperability and data processing. Discovery, contextual and detailed types of metadata need to be combined to improve the provision and use of open data [57] . Among many examples, metadata may improve storing, preservation, accessibility, visualization and multilinguality of open data. Moreover, they can improve the ability to find and interpret open data, create order within datasets, stimulate analyzing, comparing and reproducing open data, enable assessing and ranking the quality of open data, make linking data easier, avoid the unnecessary duplication of linked open data and improve visibility of and collaboration among researchers [57] [58] [59] . Interoperability in an open data ecosystem can be improved by providing metadata about shared identifiers and vocabularies and by reusing ontological elements. The best functionalities of the ecosystem can be selected and utilized by open data users.
Conclusions
There is only little insight in the essential elements of open data ecosystems to enable the publication and use of open data. Therefore, this paper aimed to contribute to filling this gap. Our literature review provided information about a number of essential elements of open data ecosystems. It was found that an open data ecosystem is characterized by multiple interdependent socio-technical levels, dimensions, actors (including data providers, infomediaries and users), elements and components. Moreover,
we found that open data ecosystems need to address challenges related to policy, licenses, technology, financing, organization, culture, and legal frameworks and are influenced by ICT infrastructures. Open data ecosystems develop through user adaptation, feedback loops and dynamic supplier and user interactions and other interacting factors in the field of open data. Nevertheless, the essential elements of open data ecosystems that were derived from the literature were mainly on a high and abstract level and it was concluded that a more detailed overview of elements was needed to create an open data ecosystem. In addition, the literature review showed that research on open data ecosystems is fragmented and not uniform, as most research only focuses on one or a few activities related to the publication or use of open data, but not on the whole of activities that should be supported in an open data ecosystem.
Therefore, we used a scenario to further detail the open data ecosystem elements that were found in the literature. The scenario showed that the use of open data is often a complicated process and that many different instruments and tools can be used and are available. The open data ecosystem that we developed in this paper consists of twenty activities that can be performed An open data ecosystem needs to enable the provision of feedback and the discussion of datasets, so that data providers and other data users can learn from this and obtain the value of data use. Furthermore, to integrate the ecosystem elements and to let them act as an integrated whole, there should be three additional elements. 5) User pathways showing directions for how open data can be used. 6) A quality management system which enables assessing the quality of the data. This system could help open data users in determining whether the quality of a dataset is satisfactory to fulfill their objectives for using the open dataset. 7) Different types of metadata for ensuring interoperability and processing and for connecting the elements. Metadata can be exchanged among various open data systems. This may help improving, among others, finding, accessing and preserving data, as different open data infrastructures can be connected. This paper showed that metadata may also provide many other advantages. An ecosystem makes it possible for open data users to select and utilize the best functionalities of this ecosystem. The various open data instruments and tools complement each other (elements 1-4) and the three additional elements (elements 5-7) ensure that the single components can be integrated, in this way enabling interoperability. We recommend to develop these elements in further research to ensure that single elements can be integrated. By integrating the elements it should become easier to use the single tools and instruments and this should lead to more user adoption of open data and increased citizen engagement, which is crucial to stimulate innovation in ecosystems for open data. It is recommended to investigate this in further research.
Open data case studies are hardly conducted and much work still has to be done in this area. The elements identified in this paper can be extended and further detailed and refined, as this paper is only based on a single scenario. Additionally, future research could focus on scrutinizing the tools and applications that can be used in open data ecosystems. Furthermore the key to an ecosystem is the integration of the various parts which is hardly addressed to date. By doing this, a more comprehensive overview of tools and applications of open data ecosystems can be created.
